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INTRODUCTION
Considerable work has been done on the colon-aerogenes group
of bacteria. The significance of this group in the bacteriological
analysis of water has been extensively studied, and investigations
are being made continually to acquire more information to help solve
the problems of sanitation.
The colon-aerogenes group is not, in itself, highly pathogenic;
but 3ince the colon organisms are normally found in the intestinal
tract of man and animal s the presence of these bacteria in water in-
dicates pollution. Since such pollution may carry pathogenic organ-
isms, particularly of the typhoid and dysentery groups, which are
difficult to detect in water, the presence there of the colon-aero-
genes group is considered evidence of potential danger to health,
and water containing them is condemned as unfit for human consumption.
Since the colon-aerogenes group began to be employed as an in-
dicator of the sanitary quality of water supplies there has been much
discussion as to whether the group as a whole, or only certain members
of it, should be recognized as indicators of pollution. It has been
maintained by certain investigators that Escherichia coli is of fecal
origin and consequently is an indicator of dangerous fecal pollution
of water, and that Aerobacter aerogenes is predominantly of non-fecal
origin and indicates pollution which is either non-fecal or remotely
from fecal source, and is consequently not of sanitary significance.
Because of the recognized importance of separating the members
of the colon-aerogenes group of bacteria various methods have been
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proposed in the past for that purpose. The most commonly used tests
are: Endo's medium or eosin methylene blue, Koser's sodium citrate
medium, Koser's uric acid medium, the Voges-Proskauer test for acetoin
production, and the methyl red test. The last mentioned is a test de-
pendent upon differences in acidity in cultures of Escherichia coli
and Aerobacter aerogenes after four days incubation at 37° C. In this
period the Aerobacter cultures undergo an alkaline reversion of reac-
tion and do not give a methyl red positive test; the Escherichia cult-
ures, however, after reaching their greatest acidity do not undergo
this reversion of reaction and consequently give a methyl red positive
test. Fundamentally this test is not an exact quantitative measure of
the acids produced by Escherichia and Aerobacter cultures, but is
largely dependent upon the phenomenon of reversion of reaction by
Aerobacter cultures upon prolonged incubation. Chen and Rettger^ 5 )
stated that acid production does not furnish a sound basis for the
classification of the colon-aerogenes group of bacteria because of the
irregularity of pH values with Aerobacter aerogenes due to different
rates in alkaline reversion.
The investigation here reported was undertaken in an attempt
to distinguish between Escherichia coli and Aerobacter aerogenes on
the basis of a quantitative difference in the acids produced by these
organisms at about the time of their ma-gj npitn acid production.
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HISTORICAL
(9)Clark and Lubs v ' stated that in the measurement of acidity
the titrimetric method, designed originally for the quantitative
estimation of strong acids and bases, cannot be effectively applied
to complex mixtures of weak acidic and basic groups such as are
found in the constituents of most culture media. In so far as this
method is used to determine the "free acid" it is unsatisfactory
when applied to culture media because of the relatively small quan-
tity of the "free acid". There is, however, a more fundamental
reason why the titrimetric method is inappropriate. Two media ad-
justed to the same degree of titratable acidity may have widely
divergent H-ion concentrations. Since Sdrenson^ 20 ^ and others have
shown that it is the H-ion that is so influential on enzyme action
and various life activities of bacteria the media should be adjusted
on the basis of H-ion concentration. For the determination of H-ion
concentration we may use either electrometric or colorimetric meth-
ods. For the accuracy demanded by research the electrometric meth-
od should be used, but for ordinary routine purposes the more rapid
approximate determinations by the colorimetric method are satisfactory.
Brilliant indicators are desirable so that the coloration and turbid-
ity of many culture media will not interfere with the readings. The
colorimetric method is based on the fact that each indicator has a
characteristic zone of H-ion concentrations within which color changes
occur. Clark and LubsO) stated that the selection of an indicator
should be based largely upon the protein and salt errors which limit
- 4 -
the usefulness of practically every indicator when applied to bi-
ological fluids.
Though various products of the fermentation of sugar by Esch.
coli had been identified earlier, Harden
^
11
^ was the first to con-
struct a picture of the breakdown process as a whole. This he did
by estimating the amount of each decomposition product formed, thence
deducing how the carbon of the original molecule was partitioned
among the final products. Harden constructed an equation represent-
ing the change of glucose into the products present when the final
equilibrium is reached:
2 C6H12°6 + HgO = 2 CHg.CHOH.GOOH + CHgCOOH + CgHgOH + 2 COg + 2 Hg
Since acetic acid and ethyl alcohol appeared in equimolecular propor-
tions, their origin from a common parent substance seems probable;
analogy with yeast fermentation suggests that this is acetaldehyde.
Considerable evidence points to acetaldehyde as the precursor of
acetic acid and ethyl alcohol, which arise from it by oxidation and
reduction respectively.
The increased amount of ethyl alcohol appearing from the fer-
mentation of mannitol would be accounted for by the greater amount
of hydrogen available, and hence the greater reducing power of the
fermenting fluid. The immediate precursor of the COg and Hg was
shown with a fair degree of certainty to be formic acid. Harden'
s
figures would then suggest that one molecule of glucose gives rise to
one molecule of lactic acid, one of acetaldehyde, and one of formic
acid.
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In distinction from fermentations in which lactic acid forms
only a part of the products of hexose decomposition, there exist a
number of organisms, true "lactic acid fermenters", which decompose
hexoses almost quantitatively to lactic acid. KayserC1*) described
two organisms which under anaerobic conditions produced respectively
from glucose 94 per cent and 100 per cent of lactic acid, while un-
der aerobic conditions the yields were somewhat lower, doubtless due
to the oxidative breakdown of the lactic acid. In the fermentation
of mannitol, however, 10 to 30 per cent of the fermentation products
appeared as ethyl alcohol, and acetic and formic acidsj this is attri-
buted by the afore-mentioned writer to the substitution in mannitol
of a bydroxyl group in place of the aldehyde or ketone group of the
sugar. Another possible explanation may be that mannitol requires
oxidation to hexose before it can be fermented, and that the condi-
tions necessary to ensure this also favor the oxidation of lactic
acid to its secondary products such as ethyl alcohol, acetaldehyde,
and acetic acid.
Clark (7) states: "The final H-ion concentrations (B. coli)
differ by such small amounts that the work here reported may be con-
sidered as a confirmation of the claim of Michaelis and Marcora that
the final H-ion concentrations are a physiological constant for B.
coli. It is shown, however, that if we are to deal with the speci-
fic effects of the H-ion in any rigid way the differences in the
final H-ion concentration must be taken into serious consideration."
Chen and RettgerC5 ) stated that in its acid production Esch.
coli seems to be more uniform than Aero, aerogenes. Esch. coli rapid-
ly attacks the glucose with relatively large acid production while
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Aero, aerogeaes produces more gas and correspondingly less acid dur-
ing the early stages of growth. Aero, aerogenes after prolonged in-
cubation brings about a reversion of the reaction to alkalinity. It
was found that in the Aerobacter cultures the complete reversion of
reaction took place within five days' incubation, and the sugar supply
was practically exhausted in that period. On the other hand, in the
Escherichia cultures the glucose was only partially fermented, and the
H-ion concentration remained constant after three days of incubation.
Ayers and RuppC1) found that the reversion of reaction is not
due to the production of ammonia but is the result of a simultaneous
acid and alkaline fermentation in which the salts of the organic acids
produced are converted into bicarbonates and carbonates. Aerobacter,
after its greatest acidity in 24 hours, starts reverting toward the
alkaline side. Dextrose is fermented by both Escherichia and Aero-
bacter organisms and organic acids are formed which combine with di-
basic phosphate to form salts of the organic acids and acid phosphates,
the latter giving rise to an acid reaction. Escherichia and Aerobacter
cultures both produce a simultaneous fermentation of dextrose and salts
of the organic acids under proper conditions, and the reason the re-
action of the Aerobacter cultures reverts is because dextrose and
organic acid salts are fermented at a different rate than with the
Escherichia cultures.
Chen and Rettger^) proved beyond doubt the constancy of the
H-ion concentration in cultures of the Esch. coli type, as determined
by the colorimetric method. Escherichia cultures gave methyl red
tests of 4.5 to 5.6 in Witte peptone and 4.6 to 5.8 in a synthetic
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medium. The H-ion concentration was generally higher in the syn-
thetic medium than in the Witte peptone-glucose-phosphate medium
after 3 to 5 days. Many Aerobacter cultures, especially in the syn-
thetic medium, were in the methyl red range. This would indicate
that the production of alkalinity by Aerobacter strains is more
rapid in the Witte peptone medium than in the synthetic medium.
Chen and Rettger stated that because of this irregularity in Aero-
bacter cultures due to alkaline reversion acid production did not
furnish a sound basis for the classification of the colon-aerogenes
group of bacteria.
Cohen and Clark^10) found that the critical pH for Aero,
aerogenes occurs at about 4.5. Cultures of the organism never
reach this pH because it decomposes organic acids so readily.
Aero, aerogenes and Esch. coli have the maximum rate of increase
in 2 to 4 hours at a pH of 7.0. In more alkaline media the time
of maximum growth is delayed. According to Browne
(
3 ) the most acid
is produced in 24 hours at 37° C, monosaccharides yielding more acid
and disaccharides less. With 0.5 ml. inoculum the amount of medium
up to 500 ml. had no effect upon the percentage of acidity produced
in 24 hours at 37° C. One per cent of fermentable carbohydrate
offers a suitable amount for the maximum acid production by the Esch-
erichia group.
Mailman and Gallo^14 ) found that buffers like salts of Na,
Kg, or P04 , when used in media, act as buffers and, for a time at
least, lessen excessive acidity and thus allow greater development of
the organisms with an increase of physiological activity. Slanetz
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and Rettger^19), in their studies on the influence of phosphate
buffer in carbohydrate-free and in glucose media, found that in
buffered glucose-containing cultures more sugar was utilized than
in unbuffered media, along with a more luxuriant growth and a de-
crease in ammonia. Escherichia cultures showed a rapid drop in
pH from 6.8 to 4.8 within 24 hours. Added phosphate buffer pre-
vented this rapid change in H-ion concentration and elicited con-
siderable proteolytic action in the presence of glucose.
Thompson
(
25 ) stated that failures of presumptive positive
tests from polluted water to show the presence of the Escherichia
group of organisms on subsequent examination are believed to be
due to the production of a lethal H-ion concentration during pre-
liminary enrichment. He pointed out that while it is generally
known that Esch. coli is inhibited by the acidity formed by its
own growth in carbohydrate-containing media, this fact does not
seem to have been seriously considered as a factor in the failure
of presumptive tests to be confirmed. Such failures may be largely
eliminated by increasing the buffering capacity of the presumptive
medium by the addition of dipotassium phosphate.
Ruchhoft, Kallas, and Chinn^^) arrived at a similar con-
clusion. In their pH determinations of colon-aerogenes cultures
in sugar broths they found practically no variation in the average
maximum or minimum result for each group. The minimum final pH
was 4.5, the maximum 5.7, and the average 4.75. The initial pH of
the lactose broth did not affect the final pH of these cultures.
The final pH in lactose broth could be increased by buffering the
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medium. By adding 0.2 per cent KgHP04 to lactose broth with an
initial pH of 6.8 to 7.0 the average final pH rose about 0.7 of a
unit to pH 5.6. When a buffer was used an increase in the initial
pH of the medium also increased the final pH reading of cultures
after incubation. Seventy-nine colon-aerogenes cultures planted
in lactose broth with 0.2 per cent KgHP04 and adjusted to pH 7.6
to 7.8 had an average final pH of 6.35 compared to 4.75 in stan-
dard broth without buffer.
Beck^2 ) found that the reduction of pH in the standard and
buffered lactose broths was due to the production of acetic and
propionic acids in the ratio of 10 to 1, with traces of higher
acids. Lactose broth adjusted to pH 4.8 with these acids prev-
ented formation of gas in water tests in 48 hours and only 20 per
cent of the cultures remained viable after 48 hours.
Ruchhoft, Kallas, and Chinn believe that 0.2 per cent K2HPO4
is sufficient to prevent pH readings below 4.8 in lactose broth.
Their titration curves showed that 0.2 per cent of the buffer in
standard lactose broth would require the production of twice as
much acid as in an unbuffered broth to reach pH 4.8. Gas production
increased in a buffered lactose broth with an initial optimum pH of
7.6. The authors believe that in practical work the advantages
gained by preventing greater reduction in pH more than offset the
1 per cent loss of positive tests due to slow gas-formers. Buff-
ered lactose broth with a pH of 7.0 to 8.0 apparently favored the
enrichment of the colon-aerogenes group but did not favor, and
sometimes hindered, the growth of spore-forming lactose-fermenting
bacteria.
The authors also found that both Esch. coli and Aero, aerogenes
may be present frequently in the highest dilution positive tube from
polluted waters. Colon-aerogenes cultures obtained by the Standard
Methods procedure give results mid-way between those obtained with
pure cultures of Escherichia and Aerobacter, due to the fact that
these are frequently mixed in water. Their studies indicate that the
actual numbers of Escherichia and Aerobacter present at the start have
less effect on the final result than the ability of the particular
strains to reproduce in the medium employed.
Most mixtures of Escherichia and Aerobacter in lactose and
dextrose broths will reflect the pH of the Escherichia strain for 72
hours or longer. For this reason liquid media which are designed for
presumptive tests with the additional feature of differentiating the
colon-aerogenes group, and depending upon an indicator for a pH estima-
tion, are apt to give misleading results.
In mixtures of Escherichia and Aerobacter ftuchhoft and associates
found that the percentage of methyl red positive tests indicative of
Escherichia strains dropped from 89 after one day to 67 in five days.
The percentage of cultures which indicated Aerobacter by the Yoges-
Proskauer test varied from 37 to 51. Both methyl red and Voges-Pros-
kauer tests were obtained from 13 to 25 per cent of the cultures. The
authors concluded that with cultures such as these, and the ordinary
incubation period of 2 to 4 days at 37° C. in Clark and Lubs medium or
its equivalent, positive indications of Esch. coli will be obtained 55
per cent of the time, Aero, aerogenes 20 per cent of the time, and both
types 25 per cent of the time.
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Clark and Lubs( 8 ) found simple conditions under which acid
production could be so controlled that the H-ion concentration of
cultures of one group could be made to diverge widely from those of
the other group. These differences could be sharply distinguished
by means of methyl red. They stated that in a medium consisting of
0.5 per cent Witte peptone, 0.5 per cent dextrose, and 0.5 per cent
K2HP04 the Escherichia cultures would attain their maximum H-ion
concentration without alkaline reversion, while the Aerobacter cult-
ures would not attain a limiting H-ion concentration, and consequent-
ly there would be a tendency to alkaline reversion of the reaction in
3 to 5 days. They found this test to correlate perfectly with the
gas ratios of the two main genera of the colon-aerogenes group of
bacteria. This correlation was stressed because the gas ratios had
been shown to agree well with the source of the organisms, according
to Rogers, Clark and Evans(16), and Rogers, Clark, and DavisC15 ).
Ruchhoft et. al.(17 ) stated that the character of the methyl
red test and the variation in the ability of the Aerobacter strains
to utilize the organic acids justifies the rather long incubation per-
iod of 4 days at 37° C. for the methyl red test. They also stated that
the Voges-Proskauer and methyl red tests were not good on routine
samples because they were more likely to give misleading or incorrect
results due to contaminants.
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EXPERIMENTAL
It was observed in the course of some studies in our labora-
tory on the possible bacteriostatic power of copper filings that the
copper was going into solution in nutrient broth, and that after two
or three weeks incubation color changes appeared in the broth. This
suggested the possibility that the acid products of bacterial meta-
bolism in a carbohydrate medium could be detected by introducing
some metal that would be dissolved easily by the acid present, and
that possibly the dissolved metal could be used as an indicator of
the acid produced.
Iron was selected for this investigation because it is inex-
pensive and also because a simple qualitative test, potassium ferri-
cyanide, is available for the detection of the Fe ion in solution.
Several cultures of Escherichia coli were inoculated into dextrose
broth to which iron filings had been added. After twenty-four hours
incubation a few drops of a KgFe (CN)g solution were added to the
cultures which immediately turned ink blue. The intensity of this
test was so great that it was decided to investigate its possible
application for acid detection. Preliminary trials with Esch. coll
and Aero, aerogenes in plain dextrose broth containing iron gave
positive tests for dissolved iron in all cultures after incubation.
It was decided to investigate the possibility of adding buffers
sufficient to neutralize the acid produced by Aerobacter and to
still permit Escherichia to give a positive reaction. This reaction
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would be similar to the methyl red test. Since various investi-
gators, Browne^, and Ruchhoft, Kallas and Chinn^), have found the
greatest acid production by Escherichia and Aerobacter to occur after
24 hours incubation it was decided to attempt to devise a test for
separating the members of the Escherichia-Aerobacter group on the
basis of quantitative differences in acid production at the end of
24 hours without involving the factor of alkali reversion by Aero-
bacter.
In devising the test these factors were considered:
1. The optimum buffer concentration of the medium.
2. The application of the test to known cultures of Esch.
coli, Aero, aerogenes, and intermediates of the group.
3. The pH at which the iron test appears.
Medium: The medium employed consisted of the following ingred-
ients:
Proteose-peptone (Difco) - - - 5 gms.
Bacto-dextrose 5 gms.
K2HP04 - variable
Distilled water 1 liter
This is Clark and Lubs'( 8 ) medium used for the Voges-Proskauer and
methyl red tests, but with different buffer concentrations. In the
preparation of the medium the proteose-peptone and dextrose were
dissolved and the pH adjusted to 7.0j then the buffer, K2HP04 , was
added. Two hundred-milligram portions of iron filings (degreased)
were placed in test tubes and to these the medium was added in twenty
ml. quantities. Sterilization was accomplished at 15 pounds pressure
for 20 minutes.
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Inoculum: la the studies to determine the optimum buffer
centration the inoculum used was 0.1 ml. of a 24-hour nutrient broth
culture of the organism under observation. In the subsequent tests
on Escherichia and Aerobacter cultures, intermediates, and recent
isolations direct inoculation was made from agar-slant cultures since
these were found to be as satisfactory for the purpose as the 24-hour
broth cultures.
Cultures: The Esch. coli and Aero, aerogenes strains employed
were classed as such on the bases of the methyl red, Voges-Proskauer,
sodium citrate, and uric acid tests.* Ten cultures of Aero, aerogenes
and twelve of Esch. coli were used in the preliminary experimental
work to determine the proper buffer balance to be employed. The
Esch. coli used were all fecal strains of human origin. The Aero,
aerogenes were isolated from water samples received at the laboratory.
All strains used were purified by the method of Ruchhoft et. al.0-7)
using tryptophane broth. After the technic of the iron test had been
established, 25 pure cultures of Esch. coli and 30 of Aero, aerogenes
were tested, as well as a series of water-borne lactose-fermenting
organisms that did not conform with all of the tests for either Esch.
coli or Aero, aerogenes. Another group also included was a group of
lactose-fermenting bacteria, recently isolated from water, which were
obtained from a class in differential bacteriology. All cultures had
been purified by the method mentioned above. Records of the reactions
of every culture used were carefully kept.
These tests were made according to directions in the Standard Methods
of Water Analysis (21).
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Buffer Content of Medium
The medium was prepared according to the formula previously
stated and was divided into several lots to which was added suf-
ficient buffer (K
2
HP0
4 ) to give concentrations ranging from to
0.5 per cent. The same group of Escherichia and Aerobacter cult-
ures were inoculated into the media with different buffer concen-
trations. Cultures were examined at 24 hours and at 48 hours.
This examination included:
(1) The addition of 4 to 6 drops of a 2 per cent K3Fe (CN) g
solution to about 5 ml. of each culture.
(2) The pH of each culture determined with a potentiometer and
quinhydrone electrode.
(5) The methyl red test.
The intensity of the color produced by K3Fe (CN) 6 was recorded as
yellow, light green, emerald green, blue green, or deep ink blue.
In discussing the results the Esch. coli cultures and Aero,
aerogenes cultures will be referred to as Escherichia and Aerobacter
cultures respectively, for the sake of brevity.
The results of this study are shown in tables 1 to 6, and fig-
ures 1 and 2.
The medium without buffer showed no difference in the iron sol-
ubilities in cultures of Escherichia and Aerobacter. The average pH
of the Escherichia cultures in 24 hours was 4.77, and that of the
Aerobacter cultures was 5.08. In 48 hours the averages were 4.86 and
5.43 respectively. In 24 hours both the Escherichia and Aerobacter
cultures were a deep blue after addition of the KgFe (CN)
g solution,
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but against a strong light the Aerobacter cultures were lighter than
those of Escherichia. In 48 hours one Aerobacter culture was blue-
green while the others were all as blue as the Escherichia cultures.
With 0.1 per cent buffer, in 24 hours the Escherichia cultures
had an average pH of 4.73, and that of the Aerobacter cultures was
5.07. In 48 hours the averages were 4.76 and 6.55 respectively.
These averages are lower (more acid) than those of cultures in the
medium without buffer. In 24 hours the Escherichia cultures were all
ink blue while the Aerobacter cultures varied from green to blue when
the K5Fe (CN) 6 solution was added. In 48 hours all the Escherichia
cultures were ink blue, but the Aerobacter cultures began to show
lighter shades of the blue and there was considerable variation among
the cultures. One Aerobacter culture gave a negative test for diss-
olved iron.
With 0.2 per cent buffer the average pH of the Escherichia cult-
ures in 24 hours was 4.79, while that of the Aerobacter cultures was
5.25. In 48 hours the averages were 4.83 and 5.59 respectively. In
24 hours the Escherichia cultures gave a strong blue color. Three of
the Aerobacter cultures gave negative iron solubility tests, while the
other Aerobacter cultures were blue-green or blue. The three negative
cultures had pH values of 5.56, 5.80 and 5.85 respectively. In 48 hours
hours the Escherichia cultures were all ink blue. The Aerobacter cult-
ures had reverted in their reaction from 5.25 to 5.59 so that the test
for dissolved iron with KgFe (CN)g gave a lighter shade than in 24 hours.
With 0.3 per cent buffer at the end of 24 hours the average pH
of the Escherichia cultures was 4.86 and that of the Aerobacter cultures
- 17 -
was 6.2. In 48 hours the averages were* Escherichia 4.98, Aero-
bacter 6.49. At the end of 24 hours in this concentration of buffer
the acid products of Aerobacter were unable to overcome the buffer
and none of the cultures gave any color upon the addition of KgFe (CN)
g
.
The Escherichia cultures gave colors varying from a strong green to
a blue-green. This permitted a clear-cut separation of Escherichia
from Aerobacter. After 48 hours incubation the Aerobacter cultures
gave negative tests for dissolved iron. The Escherichia cultures at
the end of this period gave in every case a strong blue color upon the
addition of KgFe (CN)g. In 24 hours the Escherichia cultures had a
lighter color than they did in 0.2 per cent buffer. The 0.3 per cent
buffer was able to completely neutralize the acid produced by Aero-
bacter. It also neutralized partially the acidity produced by Esch-
erichia but sufficient acid remained to dissolve enough iron to give
the test with KgFe (CN) 6 and thus to distinguish Escherichia from Aero-
bacter in the cultures used.
Upon addition of KgFe (CN)g to the Aerobacter cultures the medium
became yellow due to the color of the KgFe (CN)g added. When these
cultures were allowed to stand overnight the KgFe (CN)g was reduced and
the medium became colorless. This reduction of KgFe (CN)g seemed to
be characteristic of Aerobacter. The Escherichia cultures upon addi-
tion of KgFe (CN)g became blue or blue-green, and if they were allowed
to stand overnight a precipitate formed which settled on the bottom and
also adhered to the sides of the test tubes, thus presenting a charact-
eristic appearance.
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With 0.4 per cent buffer in 24 hours the Escherichia cultures
had an average PH of 5.13, and the Aerobacter cultures an average of
6.17. In 48 hours the averages were 5.26 and 6.57 respectively. The
acidity produced by Escherichia had been neutralized to such an extent
that upon adding the K5Fe (CN) 6 a light green color was produced. In
48 hours this green color was more intense, similar to the green of
nickelous chloride (NiCl2 .6 HgO) . The Aerobacter cultures were all
negative (colorless). The separation of Escherichia from Aerobacter
may be accomplished with this concentration of buffer, especially
after 48 hours incubation, but the separation was less marked than
when 0.S per cent of the buffer was employed. After standing over-
night the Escherichia cultures had a precipitate on the sides and
bottoms of the tubes, but this was neither as dark nor as abundant
as in the Escherichia cultures containing 0.3 per cent buffer. With
0.4 per cent buffer it appeared best to make readings soon (l to 2
hours) after making the test for dissolved iron because the green
color in Escherichia cultures would fade.
With 0.5 per cent buffer in 24 hours the average pH of the
Escherichia cultures was 5.65 and that of the Aerobacter cultures
was 6.46. In 48 hours the pH values averaged 5.92 and 6.75 respect-
ively. A few of the Escherichia cultures had very light traces of
green but for all practical purposes they were called negative. The
Aerobacter cultures were all negative. In 48 hours only one Escher-
ichia culture had a trace of green, and all Aerobacter cultures were
negative. A buffer concentration of 0.5 per cent was sufficient to
neutralize the acid produced by Escherichia and Aerobacter so that no
distinction could be made between them on the basis of iron solubility.
6'
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In tubes 1 and 2 (0.3 per cent buffer) of figure 1 the acids pro-
duced by Escherichia were not neutralized and sufficient iron was
dissolved to give a strong blue color upon the addition of K3Fe (CN)
In tubes 3 and 4 (0.3 per cent buffer) the acids produced by Aero-
bacter were neutralized and no iron was dissolved. In tubes 5 and 6
(0.4 per cent buffer) the acids produced by Escherichia were partly
neutralized and a green color was produced by adding KgFe (CN) 6 . In
tubes 7 and 8 (0.4 per cent buffer) the buffer is more than is nec-
essary to neutralize the acids produced by Aerobacter, and consequent-
ly the tests for dissolved iron were negative. In tubes 9, 10, 11,
and 12 the buffer (0.5 per cent) was sufficient to neutralize the
acids produced by both Escherichia and Aerobacter so the tests for
dissolved iron were negative and no separation of the two was possi-
ble. Figure 2 shows the tubes in figure 1 after they were allowed to
stand overnight. The precipitate in Escherichia cultures was most
abundant in the medium containing 0.3 per cent buffer (tubes 1 and 2)
where it settled to the bottom of the test tubes and also adhered to
the sides. In the medium containing 0.4 per cent buffer the Escheri-
chia cultures (tubes 5 and 6) had less precipitate and it did not ad-
here so much to the sides of the tubes.
In general the average pH of the Escherichia cultures varied
slightly between the 24 and 48 hour periods. This is shown in table 7.
In comparison, the Aerobacter cultures showed more variation between
the 24 and 48 hour periods. This was due apparently to the beginning
of alkaline reversion. Even so, the greatest difference was 0.4 of a
pH unit. In 24 hours the differences in pH resulting from the vary-
ing concentrations of buffer were small in the Escherichia cultures
Fig. 1. The appearance of Esch. coli and Aero, aerogenes
cultures immediately after adding KgFe (CN) 6 solution.
Fig. 2. The appearance of the tubes in Fig. 1 after stand-
ing overnight.
Reading from left to right tubes 1 to 4 contain 0.3 per
cent buffer, tubes 5 to 8 contain 0.4 per cent buffer, and
tubes 9 to 12 contain 0.5 per cent buffer. The first two
tubes in each set are Escherichia cultures and the other
two are Aerobacter cultures.
Table 7. Differences between 24 and 48-hour
pH determinations.
KPHP04
Esch. Aero.
coli aerogenes
0.0%
.095 [--
—
0.1%
.025
.28
0.2%
.04
.54
.. 0.5S&
.12
.28
0M
.15
.40
0.5%
.27
.29
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(table 8) being from 0.035 to 0.27, but in 24 hours at a concentra-
tion of 0.5 per cent buffer the final pH was 0.52 higher than with
0.4 per cent buffer. In 48 hours this difference in pH was 0.66.
In the Aerobacter cultures the pH variation for the different
buffer concentrations was relatively low, 0.1 to
.28, except with
the 0.3 per cent buffer where the average final pH in 24 hours was
0.956 higher than that for the 0.2 per cent buffer, and in 48 hours
the difference was 0.897. The buffer concentrations in which the
sudden rise in pH occurred were the ones at which the Escherichia
and Aerobacter had their acid so completely neutralized that no iron
was dissolved. This great rise can be seen to advantage in Graph 1.
The Aerobacter cultures showed their greatest rise in pH between the
0.2 and 0.3 per cent buffer concentrations, and it was also the 0.3
per cent concentration at which the Aerobacter cultures gave negative
tests for dissolved iron, while the Escherichia cultures had their
greatest rise in pH with 0.5 per cent buffer at which concentration
their acid was neutralized and consequently the cultures failed to
give the test for dissolved iron.
The buffer concentrations above 0.5 per cent were not studied
since this concentration was sufficient to neutralize the acid pro-
duced by any of the members of the colon-aerogenes group studied, and
consequently all tests for dissolved iron were negative.
In all the cultures where the test was made for dissolved iron
the methyl red test was also made. With the 0.3 per cent buffer, in
which cultures of Escherichia and Aerobacter showed a difference in
iron solubility, the Escherichia cultures also were methyl red positive
Table 8. Differences in pH with progressive in-
creases in K2HP04 content of media.
% KgHP04 Esch. coli Aero, aeroeenfts
24 hrs. 48 hrs. 24 hrs. 48 hrs.
0.0 - 0.1 * -.055
-.105
-.010
-.080
0.1 - 0.2 .055 .070 .180
.240
0.2 - 0.S .070 .150 .956 .897
0.5 - 0.4 .270 .280 -.059
.084
0.4 - 0.5 .520 .660 .288 .177
* - indicates more acid produced.
Graph 1: The pH variations of
Aero
« aerobes with diffirenT
£»ywes_of_EBcli. coli and
buffer (Kg^r^cerxtraW^
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while the Aerobacter cultures were methyl red negative. Above this
buffer concentration the Aerobacter cultures were methyl red negative.
With the 0.4 per cent buffer in which the iron solubility of the Esch-
erichia cultures was lessened and gave only a green color the methyl
red test was weakly positive. With the 0.5 per cent buffer all methyl
red tests in Escherichia cultures were doubtful. In concentrations
below 0.3 per cent buffer the cultures giving a strong test for diss-
olved iron were also methyl red positive. In general it may be said
that with the cultures used the. methyl red test appeared to agree with
the results obtained in the test for dissolved iron.
From the above experiments it was decided that 0.3 per cent was
the optimum concentration of buffer (K2HP04 ) for obtaining the diss-
olved-iron test, and that 0.4 per cent of buffer could be used.
Application of the Dissolved-Iron Test .
Having established the optimum buffer concentration necessary to
obtain a positive test for dissolved iron in Escherichia cultures and
a negative test in Aerobacter cultures the next step was to try the
test on a number of strains of the colon-aerogenes group. Twenty-five
Escherichia cultures, thirty Aerobacter cultures, and twenty-five lact-
ose-fermenting cultures giving irregular reactions in one or more of
the differential tests were selected for study, as well as a group of
forty-eight miscellaneous lactose-fermenting cultures recently isolated
from water. The last mentioned group contained Escherichia, Aerobacter,
and irregular reacting strains of lactose-fermenting organisms.
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Escherichia coli: The Escherichia cultures were obtained from
the Experiment Station collection. All were isolated from feces and
were Gram-negative, non-sporing, lactose-fermenting rods. They were
Voges-Proskauer negative, methyl red positive, sodium citrate nega-
tive, uric acid negative, failed to liquefy gelatin, and produced in-
dole from tryptophane. The organisms were inoculated into the same
medium as that employed in the first part of this study. Only the
0.3 per cent and 0.4 per cent concentrations of the buffer were em-
ployed. Cultures were incubated at 37° C. for 24 and 48 hours and
records were made of the iron solubility and of the methyl red test.
Every one of the 25 cultures gave a blue-green to a blue color in
24 hours when K3Fe (CN) 6 was added. After standing overnight a pre-
cipitate formed and settled to the bottom of the tubes, part of it ad-
hering to the sides. The 48-hour cultures gave a strong blue reaction
and after standing overnight had a heavier precipitate than the 24-hour
cultures. With 0.4 per cent buffer the Escherichia cultures produced
an emerald green color when KgFe (CN)g was added to the 24-hour cult-
ures. In the 48-hour tests some of the cultures produced a blue-green
color, others produced a pale green color, and one culture could not
be distinguished from a negative Aerobacter culture. The 0.3 per cent
buffer cultures plus KgFe (CN) 6 after standing overnight had a heavier
and darker precipitate than the 0.4 per cent buffer cultures. The
48-hour reading on the 0.3 per cent buffer cultures gave the heaviest
precipitate which was most easily distinguished from the negative Aero-
bacter cultures. After standing overnight the color of cultures con-
taining 0.4 per cent buffer plus KgFe (CN) 6 faded. The readings were
best made at the time the KgFe (CN) 6 was added.
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tive, ncn-sporing, lactose-fernenting rods
. They^ Voges.prostauer
Posits,
.ethn r.a aegative> ^ aoid posiUve>^^^
"ive, t.M to li^fy gelatin except in one culture, Md dld not
produce indole fro» tryptophane. The nedi„, buffer concentration,
incubation, and observations wane the sane as those employed It* the
Escherichia cultures, m hoars in cultures with 0.3 per cent buff-
er seven of the cultnres had a light g^ 00lor upon tf
K5Fe (CH)6 , two .are strong green, one was blue, and one .as blue-green
»one of the others showed any trace of dissolved iron. After 48 hours
one culture was green, one was blue-green, and four had only a trace of
sreen. By allowing the 24-hour tubas to stand overnight, after addi-
tion of KgFe <CK) 6 , 28 of the 30 Aerobacter cultures with the 0.3 per
cent buffer became colorless. The 48-hour tests after standing over-
night all had become colorless in h n » „^xui-j. . wit 0.4 per cent buffer after 24
hours incubation three cultures had ~r^ mcl traces of green and two were light
green at the time of the test. After standing overnight all had be-
come colorless. None of the Aerobacter cultures gave a test for dis-
solved iron after 48 hours incuba+im a*B UU5Utetloa
« Standing overnight did not alter
their appearance.
Intermediates
; In this group were included 25 lactose-fermenting
cultures, from various sources, which could not be definitely identi-
fied as Escherichia or Aerobacter because one or more of the differ-
ential tests were not in agreement: i.e., Voges-Proskauer, methyl red,
sodium citrate, and uric acid. The 0.3 per cent buffer concentration
was used in the medium, and a 48-hour incubation period was employed.
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since this period had given the beat results in the studies with
Escherichia and Aerobacter cultures. Cultures were allowed to stand
overnight before readings were made of the 48-hour test. The per-
centage of positive or negative tests for dissolved iron that agreed
with the various differential tests mentioned above are found In
table 9.
Class Cultures: In this group were included 48 lactose-fermenting
organisms isolated from water by the class in differential bacter-
iology. Twenty-eight of these cultures could be definitely classed
as Escherichia or Aerobacter on the basis of the differential tests
employed. The remainder of the cultures had irregularities in one or
more of these tests. The procedure followed in studying this group
was the same as that used in the group of intermediates. The results
are found in table 10.
Cultures which gave a positive test for dissolved iron had the
best agreement with the methyl red test. The Endo medium did not com-
pare favorably with tests for dissolved iron. Since acid production
is involved in both the methyl red test and Endo's medium reaction,
greater agreement with these tests would be expected. Acid production
is not involved in the sodium citrate and uric acid tests, and conse-
quently these tests would not necessarily be expected to agree with
tests for acid production. In cultures giving negative tests for
dissolved iron 100 per cent agreement existed with the methyl red,
sodium citrate, and uric acid tests. With Endo's medium the agreement
was poor. In the class cultures the Voges-Proskauer had a 100 per cent
agreement with negative tests for dissolved iron. In general the agree-
Table 9. Agreement of dissolved iron tests with differential tests,
for a group of intermediates of the Escherichia-Aerobacter group.
Percentage agreement with differential tests
Test for dissolved
Iron
Endo Methyl
Red
Voges-
Proskauer
Sodium
Citrate
Uric
Acid
Positive
(Escherichia) 18 66.6 83.5 70.2 11.1 11.1
Negative
(Aerobacter) 2 50.0 100.0 100. 100.
Total cultures tested, 25.
Unidentified because of uncertain reaction, 5.
Table 10. Agreement of dissolved iron tests with differential tests,
for a group of miscellaneous lactose-fermenting organisms isolated from
water.
Percentage agreement with differential tests
Test for dissolved
Iron
Endo Methyl
Red
Voges-
Proskauer
Sodium
Citrate
Uric
Acid
Positive
(Escherichia) 34 76.47 85.29 47.05 55.88 47.05
Negative
(Aerobacter) 11 54.5 100. 100. 100. 100.
Total cultures tested, 48.
Unidentified because of uncertain reaction, 3.
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ment of the negative test for dissolved iron with the methyl red,
Voges-Proskauer, sodium citrate, and uric acid is better than the
agreement of these tests with a positive test for dissolved iron. A
negative test for dissolved iron indicates low acid production In the
cultures which is characteristic of Aerobacter, and therefore agree-
ment with the differential tests would be expected. A positive test
for dissolved iron may be indicative of Esch. coli, a high acid pro-
ducing Aerobacter, or a mixture of both, and consequently less agree-
ment with the differential tests would be expected.
Determination of jqH at which Iron Solubility Occurs
.
In this study the 0.3 per cent buffer medium was adjusted to
PH values ranging from 6.76 to 4.92. Acetic acid was used In adjusting
the medium since Beck(2) found this acid to be predominant in lactose
fermentation. A 2.5 per cent sterilized solution of the acid was added
to 15 tubes of the medium in quantities ranging from 0.5 ml. to 1.9 ml.
The tubes were incubated 24 hours and the K5Fe (CN) 6 solution was added.
No iron was dissolved in the tubes with pH values ranging from 6.76 to
5.14. At pH 5.05 a light green color was produced. At pH 4.99 and
4.97 a strong green color was produced. At pH 4.92 the medium was blue-
green with a predominance of the green. This showed that the end point
at which the iron goes into solution is sharply marked since tests were
negative at pH 5.14 and positive at pH 4.99. This does not indicate
exactly the pH at which iron was dissolved in the cultures studied since
a blue-green test was developed in some cultures with a pH of 5.6.
Certain changes in the cultures could not be exactly duplicated because
- 26 -
* the abaanoe f certain norml ^^^
but this study showad that tha iron »„uld ba expactad to go into soil
tion at a relatively definite pH.
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DISCUSSION
In the studies described the Clark and Lubs» medium was em-
ployed. The buffer concentration was varied from to 0.5 per cent
and to each tube of the medium were added 200 mgms. of iron filings.
At 24 and 48-hour periods, after inoculation, pH determinations were
made electrometrically, tests were made for dissolved iron by adding
a few drops of a 2 per cent solution of KgFe (CN) 6 , and methyl red
tests were made. The use of iron filings was based on the belief
that the acids produced from carbohydrate fermentation would dissolve
the iron filings and thus a qualitative test for dissolved iron could
be made. Furthermore, by use of a buffer a concentration could be de-
termined at which acids produced in Aerobacter cultures would be
neutralized and no iron dissolved; but the Escherichia cultures which
produce more acid would not have all of the acid neutralized by the
buffer, and consequently the excess acid would dissolve the iron and
result in a positive test. In this way the qualitative indicator,
dissolved iron and KgFe (CN) 6 , along with a pre-determined buffer con-
centration would give a means of separating Esch. coli and Aero, aero-
genes on the basis of the amount of acid produced. In the methyl red
test of Clark and Lubs a period of 4 days incubation is allowed before
the test is made. Alkaline reversion occurs during this period so that
the test is based upon the fact that the quantity of acid produced by
Esch. coli remains near its maximum, while the acid produced by Aero,
aerogenes is partly neutralized according to Ayers and Rupp(1 ) and the
reaction goes toward the alkaline side. The rate of reversion is irreg-
- 28 -
ular and for this reason Chen and Rettger(5) stated that acid produc-
tion does not furnish a sound basis for the classification of the colon-
aerogenes group of bacteria. Ayers and Rupp(l), Ruchhoft, Kallas, and
Chinn(18), and Browned) found that the greatest acidity of Escherichia
and Aerobacter cultures occurred at 24 hours, after which the Aero-
bacter cultures began to revert toward the alkaline side. For this
reason the 24 and 48-hour periods were used in the present study.
Studies of the various buffer concentrations showed that 0.3 per
cent was sufficient to neutralize the acids produced in the Aerobacter
cultures, but the acids produced in the Escherichia cultures were not
neutralized completely and iron was dissolved. In 24 hours with 0.5
per cent buffer the average pH of the Escherichia cultures was 4.86
and that of the Aerobacter cultures was 6.21. In 48 hours the averages
were 4.98 and 6.49 respectively. The difference in pH between the 24
and 48-hour periods was small, but a stronger blue color was obtained
in Escherichia cultures after 48 hours, due probably to the longer time
period allowing more of the iron to be dissolved. For that reason 48
hours incubation was preferred, but a satisfactory separation of Esch-
erichia and Aerobacter was possible in 24 hours. When cultures were
allowed to stand overnight after addition of the KgFe (CN) 6 solution
the yellow color imparted to the Aerobacter cultures by the solution
had faded, probably due to the reduction of the yellow K-Fe (CN). to a3 6
colorless K4Fe (CN)g. This explanation is suggested by the reduction
of methylene blue by Aero, aerogenes reported by Lindsey and lleckler^15 )
who used this as a rapid method for distinguishing between Esch. coli
and Aero, aerogenes. The Escherichia cultures after standing overnight
- 29 -
had a precipitate on the bottom and adhering to the sides of the test
tubes
.
With the 0.3 per cent buffer medium tests were made on 25 Esch-
erichia cultures and 30 Aerobacter cultures. Twenty-eight of the 30
Aerobacter cultures gave negative tests for dissolved iron when the
24-hour cultures were allowed to stand overnight. The 48-hour cultures
treated similarly were all negative. All of the Escherichia cultures
gave positive tests at 24 hours and also at 48 hours.
Having established the optimum buffer, incubation, and reading
period, the iron test was tried with a group of 25 lactose-fermenting
organisms that were irregular in some of their differential tests. A
group of 48 lactose-fermenting organisms recently isolated from water
was also included. Cultures which gave a positive test for dissolved
iron had the best agreement with the methyl red test and Endo's medium
reaction. This would be expected since acid production is involved in
the methyl red test and Endo's medium. Cultures giving negative tests
for dissolved iron had a very good agreement with the methyl red,
Voges-Proskauer, sodium citrate, and uric acid tests. This would be
expected because a negative test for dissolved iron would indicate small
acid production and agree with the methyl red test, and in general the
sodium citrate and uric acid tests are usually in agreement with a neg-
ative methyl red test. With cultures having uniform reactions the
agreement of the test for dissolved iron with the methyl red test was
very good. This is desirable since the methyl red test has been shown
to agree perfectly with the gas-ratios of Aerobacter and Escherichia in
the work of Clark and Lubs( 8 ). Rogers, Clark, and Evans^S), and
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Rogers, Clark, and Davis(l5) showed that the gas ratios agreed well
with the source of the organisms.
No studies were made of iron solubility in mixtures of Escher-
ichia and Aerobacter. The work of Ruchhoft and associates(18) has
shown that in sueh mixtures the pH of Escherichia persists for 72
hours without interference from the Aerobacter. On this basis it
would be expected that Escherichia could be detected by iron solubil-
ity, provided that the Aerobacter culture in the mixture is uniform
in its reactions and consequently not responsible for iron in solu-
tion.
The test for iron solubility probably should not be taken alone
as a differential test. This, however, appears to be equally true of
other differential tests employed. The iron test should give addi-
tional information on the acid production of the colon-aerogenes group
of bacteria.
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SUMMARY
1. A test has been devised for separating Esch. coli and Aero,
aerogenes depending upon the dissolving of iron in acid produced by
the organisms growing in a carbohydrate medium.
2. (a) The use of 0.5 per cent buffer (K2HP04 ) neutralizes
the acid produced by Aero, aerogenes, while sufficient excess acid is
produced by Esch. coli to overcome the buffer and dissolve the iron.
The presence of iron in solution is detected by the KgFe (CN) 6 test.
(b) The use of 0.4 per cent buffer permits the same reac-
tion as that indicated above, but the results are not as satisfactory.
S. Results may be obtained in 24 hours, but 48 hours proved to
be the optimum incubation period for the test.
4. Comparison was made with other commonly used differential
tests. Positive iron tests agreed with methyl red tests more satis-
factorily than with other differential tests. The negative iron tests
agreed well with all the differential tests.
5. A study in the uninoculated medium adjusted to varying pH
values with acetic acid indicated the pH at which iron goes into solu-
tion sufficiently to give a definite test to be about 5.0.
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